Under the comprehensive influences of the overall deformation of the whole bridge structure, the repeated moving vehicle and temperature loading, the bridge expansion joint was the weak part of bridge structure. The paper chose a new type of modified asphalt binder to test the elastic recovery performance of the modified asphalt binder under different temperatures. Meanwhile the cycle Marshall stability test and direct tensile test of modified asphalt mixture were conducted. Then, the effects of different temperature conditions on the performance of the modified asphalt binder and the asphalt mixture were analyzed to explain its performance mechanism. The results indicated that: (1) The performance recovery of the special cementing material was affected by temperature. The recovery rate gradually increased with the increasing of temperature. The recovery performance showed some "Time-Temperature" characteristics. (2) Affected by the amount of Oil-stone ratio (33.3%) and the single particle size coarse aggregate, the modified asphalt mixture of the suspended structure type had good recovery performance under all test temperature conditions. (3) The tensile elongation rate of the asphalt mixture was large under the high temperature, and the mixture had a good ability to adapt to the flexible deformation. The research results provided that the modified asphalt binder could be used as the bridge expansion joint material.
INTRODUCTION
Asphalt bridge expansion joints (ABEJs) have been used worldwide for bridges having small range of joints movement, typically small than 50 mm. A typical ABEJ consists of a backer rod in the gap, a steel plate on top of the gap, and a special bitumen-rich mixture, as shown in Figure 1 . The joint performance is highly dependent on the flexibility of asphalt binder and mixture to adapt to the telescopic deformation of the bridge end parts [1] . The asphalt bridge expansion joint have the following advantages of smooth connection of deck surfacing and expansion joints, noise reduction, driving comfort, easy construction, maintenance and repair. However, the service life of ABEJs is relatively short, low temperature and fatigue cracking, rutting, permanent deformation, and debonding of joint-pavement interface are frequently reported. The poor performance and relative short service life was believed to mainly do with binder used. In the reference [2] , the experiment of bituminous plug expansion joints (BJE) was introduced in detail, especially rutting performance testing with model mobile load simulator (MMLS3) and cold temperature movement capacity testing with a joint movement simulator. Reference [3] indicated that the silicone foam sealant had the features of simple installation and durable based on the laboratory testing, field installation, and monitoring. Reference [4] using the high flexibility stone mastic asphalt for the bridge expansion joints, which had great capacity of high flexibility to accommodate the thermal expansion and flexural rotation, achieved good results in the urban expressway viaduct. Reference [5] used the rubber particles instead of some of the aggregate to improve the high temperature and low temperature property and the telescopic deformation performance. Reference [6] modified Meijia asphalt by adding the thermoplastic rubber additives to improve the low temperature performance of the expansion joint materials. There were many researches to utilize the excellent recovery performance of new materials in engineering projects [7, 8] . Researchers had done much work and obtained the desired results. However, the study of modified asphalt bridge expansion joints was relatively few. Therefore, the paper based on the working characteristics of the bridge expansion joint and tested the elastic recovery, cyclic Marshall stability and direct tensile under the different temperatures and explained its related mechanism. So as to provide technical reference for design and construction of modified asphalt filled bridge expansion joints. 
MATERIAL

Modified Asphalt Binder
Asphalt binder used in this test is a special asphalt binder for seamless expansion joints. The asphalt binder is thermoplastic elastomer compound with multivariate special modified asphalt as base material, supplemented by a variety of additives. According to the test method in specification [11] , the performance indicators of modified asphalt are shown in Table 1 . [11] . The aggregate grading and the aggregate properties are listed in Table 2 and Table 3 , respectively. 
TEST METHODS
Elastic Recovery Tests of Asphalt Binder
The elastic recovery of asphalt binder was tested by T0662 method of the specification at different test temperatures, as shown in Figure 2 . According to the existing specification [9] , the elastic recovery test of asphalt binder was determined at 25℃. In this study, measurements were conducted at seven temperatures: 0℃, 10℃, 20℃, 30℃, 40℃, 50℃, 60℃. The elastic recovery values were measured during each certain time interval [11] [12] .
Figure. 2. Elastic recovery test. Figure 3 Marshall stability test.
Cyclic Marshall Stability of Asphalt Mixture
The special binder and basalt coarse aggregate were mixed together to produce asphalt mixture samples according to the quality rate of 1:3. Specimens made by the common asphalt mixtures are normally destroyed and could not restore the deformation and strength after the Marshall stability test. Considering the high elastic recovery of the modified asphalt binder, the recovery performance of the asphalt mixture was evaluated by the cyclic Marshall stability test. The repeated stability test was conducted according to the method (T0709) of the specification. The two trials were spaced between 5 and 7 days to recover the deformation and strength. The study set up 7 kinds of test temperature (0℃、10℃、20℃、30℃、40℃、50℃、60℃). For each Marshall specimen, the stability test repeated 7 cycles.
There still did not have the calculation method of asphalt mixture performance recovery rate at present. Based on the elastic recovery rate calculation method in the asphalt elastic recovery test (T0662), the present study used the asphalt binder performance recovery rate index σ to evaluate the elastic recovery of asphalt mixture. The index is the ratio of the latter stability to the previous stability. The calculation formula was as follows.
In the formula, the σ is performance recovery rate whose is a unitless constant; the MS N+1 is t the latter stability in the tests whose unit is kN; the MS N is the stability during the previous test step.
Direct Tensile Tests of Asphalt Mixture
The WDW-100 type electric servo universal testing machine was used to test the tensile property of the asphalt mixture beam. The tensile test specimen size is 250mm×35 mm×35mm (±2.0mm), as shown in Figure 4 . According to the strip tensile test for Geosynthetics material [14] , the asphalt mixture beam specimen was micro cutting process in the center position to ensure the tensile failure occurred at the center of the beam. The tensile strength and elongation of the asphalt mixture beam specimens were tested under a deformation rate of 20mm/min and under the temperature range from -20℃ to 30℃. The formula was as follow.
In the formula, T is the tensile strength whose unit is MPa; P  is the maximum tensile force measured in the test whose is a unitless constant; P F is the maximum tensile force measured in the test whose unit is N; L f is specimen length at maximum tensile strength whose unit is mm; L 0 is the initial length of specimen whose unit is mm; b is the specimen width whose unit is mm; and h is the specimen height whose unit is mm. 
ANSLYSIS OF TEST RESULTS
The Elastic Recovery Tests of Asphalt Binder
The elastic recovery rate of asphalt binder at different test time points was tested under 7 different test temperatures. The values of the test results were shown in Table 4 . The elastic recovery rate under different test temperature was shown in Figure 5 . The elastic recovery rate under different test time was shown in Figure 6 . The values of the asphalt binder elastic recovery rate were shown in Table 4 . As could be observed, the modified asphalt binder for seamless expansion joint have excellent elastic recovery performance, and the elastic recovery rate of the asphalt binder ranges from around 80% to 90% under the different test temperatures. Figure 5 shows that the elastic recovery rate of different test temperatures changed trend over time. The experimental dates indicated that the elastic recovery rate increased over time, and the rate of change gradually slowed down and tended to stable. In the initial 10min, the recovery was rapid which was due to the higher differential stress between outside and inside of the specimen; With the differential stress decreased, the recovery rate decreased as well, such as at the time of 25 minutes. After 40 minutes, the recovery rate became stable. It indicated the modified asphalt binder have a characteristic of rapid deformation recovery. Figure 6 displayed the recovery performance of the asphalt binder had some "Time-Temperature" characteristics. The elastic recovery rate shown a linearly rapid increasing with temperature increasing in the temperature range of 0℃~30℃. When the temperature was greater than 30℃, the recovery rate became stable.
The Recovery Performance of Modified Asphalt Mixture
The performance of asphalt mixture was influenced significantly by the performance of asphalt and the type of mixture structure. As discussed in the previous section, the asphalt binder had a strong elastic recovery performance. Due to the high asphalt-aggregate ratio, thus, the asphalt mixture used for the expansion joint was believed to have a good elastic recovery performance. The study had conducted cyclic Marshall stability test for each specimen under 7 kinds of different test temperature (0℃、10℃、20℃、30℃、40℃、50℃、60℃). As shown in Figure 7 , it indicated that the specimen exhibited good elastic recovery capacity. In this study, the recovery performance of the mixture was evaluated with the stability recovery rate. Each test was conducted 5 parallel groups. The test results are shown in Table 4 The test results of Marshall stability were listed in Table 5 and Table 6 . As could be observed, the recovery rates of the asphalt mixture were above 80% under different test temperatures, meaning that the asphalt mixture had greatly recovery performance. Figure 8 showed the Marshall stability of the asphalt mixture significantly affected by test temperature, and indicated that the Marshall stability decreased with temperature increasing. Figure 9 also shown the recovery stability values showed overall increasing trend when the test temperature was 0℃,10℃,20℃. This effect was more obvious especially at low temperature. However, the Marshall stability had no significant change under the testing temperature of 30℃~60℃, meaning that the latter stability value could be recovered to the previous stability value. And noted that the Marshall stability showed a decreasing trend in the later period of experiment and the recovery ability decreased with the increase of the number of cycles, one possible reason was that the performance of the specimen was affected by fatigue damage.
The Tensile Performance of Asphalt Mixture
The tensile strength and elongation rate of the small beam specimens were significantly affected by the test temperature. Under different test temperature conditions, the tensile failure characteristics of the small beams are different. The each temperature test group was conducted 5 parallel trial. The test results were shown in Table 7 and Figure 10 . The results of the small beam specimens tensile performance were shown in Table 7 and Figure 10 . As could be observed, the tensile strength of the mixture gradually decreased with test temperature increasing. However the decreasing range of the tensile strength was slowing down. Besides the elongation rate of the mixture gradually increased with the increase of the test temperature, and the growth of the elongation rate was become large. Experimental date displayed the tensile strength of the small beam was approached to zero under the testing temperature of 30℃ , while the elongation rate of small beam was up to 9.328%. It meant that the asphalt mixture had great tensile deformation performance.
THE INFLUENCE OF ASPHALT BINDER ON PROPERTIES OF MIXTURE
The asphalt binder is a typical temperature sensitive material. The fluidity and plasticity of asphalt binder is lower when the temperature is lower. The original structure changed from suspended mixture to fixed one when Marshall specimen were forced. So the Marshall stability value was increased and the recovery rates could be more than 100%, especially under the lower testing temperatures. The fluidity and plasticity of asphalt binder gradually increased with the test temperatures increasing. As a result, the aggregate could be moved with the plastic flow of the modified asphalt binder, and did not change the suspension type structure of mixture under the higher testing temperatures.
In addition, the elastic recovery of asphalt binder have great influence on the recovery performance of the mixture. The recovery performance of unmodified asphalt mixture is not obvious. However, because of the high amount of asphalt-aggregate ratio (33.3%) and the type of suspended structure, the modified asphalt mixture have good recovery performance under all test temperature conditions.
CONCLUSION
(1) The measured elastic recovery rate of this modified asphalt binder increased gradually with the increase of test temperature. And the recovery rate was higher than 80% under the different test temperature. It meant that the asphalt binder had excellent recovery performance.
(2) The elastic recovery performance of asphalt mixture was significantly affected by the type of aggregate structure and the performance of asphalt binder. Due to the large amount of asphalt (asphalt aggregate ratio is 33.3%) and the typical suspended structure, the mixture had good recovery performance through the cycle Marshall test.
(3) The tensile test have shown that the mixture has a good elongation. Besides, the asphalt mixture show a good ability to adapt to the flexible deformation.
